ABSTRACT OBJECTIVES: To examine whether bullying victimization, psychological status, parental and peer relationships and other risk factors are associated with suicidal ideation and to identify high-risk neighbourhoods for suicidal ideation among the elementary school children in Saskatoon Health Region.
S
uicide is the second leading cause of death in adolescents and young adults in Canada. 1 Approximately 800,000 to a million people globally per year, across all age groups, die from suicide; 2 this includes over 3,500 suicides each year in Canada. 3 Suicidal ideation is defined as, "thoughts of engaging in behaviour intended to end one's life", which is often underevaluated or under-appreciated in evaluating children's health. An early study revealed evidence that adolescents who reported suicidal ideation at an early age were much more likely than their counterparts who denied suicidal ideation to later attempt suicide. 4 Therefore, an examination of childhood suicidal ideation is not only warranted but also timely for an early identification and remediation of suicidal ideation in adulthood.
Previous studies have identified a number of individual risk factors that could contribute to suicidal ideation in adolescents. The most important clinical risk factor for suicidal ideation and suicide attempts is depression. 5 Low self-esteem, anxiety, poor family environments and impaired parent-child relationships have also been connected with suicidal thoughts. [6] [7] [8] A number of studies have shown that the suicide rates within First Nations youth are alarmingly high; however, little research has examined suicide ideation in this group, nor the extent to which different factors contribute to suicidal thoughts or attempts. 9 Victims of bullying in children and adolescence are also recognized as being at increased risk for suicidal ideation. 10 Bullying can take various forms, 11 traditionally including physical (e.g., assault), verbal (e.g., threats), relational bullying (e.g., social exclusion) and more recently, electronic bullying (e.g., e-mail, phone). 12 Although a number of studies provided evidence that being a victim of different types of bullying increases the risk of developing mental health problems and committing suicide later in life, 13, 14 few such studies have focused on elementary school children. This study adds to the ongoing understanding of suicidal ideation among elementary school children by identifying the most relevant predictors. It has also been suggested that suicidal ideation could be more common within schools or classrooms because associating with suicidal people has been shown to "spread" suicidal thoughts to others. 15, 16 According to a major psychological theory -the ecological-transactional model 15, 17 social behaviours are also affected by ecological context, such as (in hierarchical order) neighbourhood, community, school, peer and family groups. Multilevel modelling allows us to explore the importance of social context by dividing the total variation into individuals and groups to be assessed separately. Young 15 found that the contribution of school in relation to suicidal attempts and behaviours is low (< 1%), but nevertheless important given the severity of the outcome. School classroom context was also examined in a multilevel analysis, 16 which found small variation was attributed to school classes after accounting for individuallevel risk factors, but suicidal ideation is significantly associated with school class composition with regard to student gender and parental education. Multilevel analysis is therefore considered in this study, including the grade within school and school-level random effects, to give an enriched picture of the complexity of suicidal ideation. The suicide rates among neighbouring regions are often close and typically exhibit spatial dependency, since the neighbourhoods where children reside typically reflect the socio-economic status and cultural peer-groups of their parents, which in turn can influence the contact networks and mental health of children. 18 Therefore, it is also often of interest to identify high-risk regions when designing an effective prevention program with regard to suicidal ideation. However, few such studies have been conducted in Canadian literature, particularly for school children.
As such, the purpose of the current study is twofold: a) to identify the most relevant predictors for suicidal ideation in a multilevel analysis and b) to identify high-risk neighbourhoods for the prevalence of suicidal ideation among the elementary school children in Saskatoon Health Region, Saskatchewan.
METHODS

Survey
Data for this study were collected during the third round of the Student Health Survey from elementary school students in grades 5-8 in Saskatoon Health Region in 2010-2011. Consent was obtained from schools, parents and children. Ethics approval was provided by the Behavioural Research Ethics Board at the University of Saskatchewan. Research assistants, from Saskatoon Health Region, administered the survey. Students completed their survey during class time, enclosed and sealed it in an envelope and returned it to the research assistant. 19 There were 12,391 students registered in grades 5-8 in participating schools and the overall response rate was 46.7% (n = 5783).
Variables
The outcome variable, suicidal ideation, was assessed using the following question: "In the past year (12 with scores of 0-11 were considered as having low depression, 12-20 moderate and ≥21 high. Anxiety levels were measured using a 7-item scale: 19 students with scores of 0-7 were considered as having low anxiety levels, 8-14 moderate and ≥15 high.
Self-esteem was determined using a 5-item scale: 19 students with scores of 0-6 were considered as having low self-esteem, 7-13 moderate, and ≥14 high. Quality of relationships with parents and friends was also evaluated as a potential risk factor in this study based on a set of questions, responses to which were categorized into poor, moderate and good relationship. 19 The questionnaire also includes reported experiences involving physical, verbal, social and electronic bullying (weekly, once or more vs. none). The deprivation index reflecting the socio-economic inequalities in health at an area level was also measured based on the average income, education, employment levels, living arrangements, marital status, and proportion of single-parent families. It divides a population into five categories by quintiles. 19 Deprivation index scores were not available for the rural students; hence, all rural students were grouped into a single category in this analysis.
Multilevel analaysis
Multilevel logistic regression models with random intercepts were used to examine to what extent suicidal ideation varied among students clustered together within grades and schools. In this study, 34.9% of the participants were rural students and could not be assigned a neighbourhood, so we first considered adding neighbours as another hierarchical level in the multilevel analysis excluding the rural students and the resulting neighbourhood variation is close to zero. Therefore, to preserve sample size for gaining statistical power, we did not consider neighbourhood as a hierarchical level in the multilevel analysis.
In the first step, we built a model including only the random effect terms, to investigate variation in the prevalence of suicidal ideation at the grade and school levels before considering individual student attributes. The importance of each random effect was evaluated using variance partition coefficients (VPC), 21 which describe the percentage of variation in the data that is attributed to a particular organizational level.
To screen the covariates, we examined the univariable association between each risk factor and the outcome. Variables where the p-value was <0.2, based on the likelihood ratio test, were retained for consideration in building the final model. Choice of p < 0.2 as the threshold is recommended to avoid excluding important variables from the model. Manual backward selection was used to develop a main effects model, retaining only variables where p < 0.05. In the final step, all the covariates remaining in the final model were tested for significant interactions.
The association between main effects and the outcome in the final model were reported as adjusted odds ratios (AOR) with 95% confidence intervals (95% CI) and p-values. Multilevel analyses were carried out using maximum likelihood estimation in glmer from the lme4 package in the R Statistical Software (Foundation for Statistical Computing, Vienna, Austria).
Bayesian spatial analysis
To examine neighbourhood risk for suicidal ideation, we conducted a secondary data analysis based on the aggregated counts of suicidal ideation in over 62 neighbourhoods in Saskatoon. Rural students were not included in this analysis, as there was no location information available that was the equivalent of neighbourhood other than the previously considered school.
SUICIDAL IDEATION AMONG SCHOOL CHILDREN
The number of cases of suicidal ideation from the sth neighbourhood is denoted as ys, s = 1, : : : , S, which is assumed to follow a Poisson distribution, i.e., ys ∼ Poisson (μs), with mean μs = n s r s , where n s is the total number of school children from the sth neighbourhood in the study sample and rs represents the relative risk. A Poisson random effects model was used: log(μs) = α0 + log(ns) + b s + h s , where α 0 is the intercept, b s is the spatially correlated random effect term, which follows a conditional autoregressive prior distribution 22 and hs is the spatially uncorrelated random effect term that follows a normal distribution. To identify the neighbourhoods where school children are at a higher risk of suicidal ideation, posterior exceedance probabilities, P(rs > 1), were calculated as the proportion of Markov chain Monte Carlo (MCMC) simulations for neighbourhoods that had a relative risk of suicidal ideation greater than 1. The Bayesian computation was implemented using publicly available software (WinBUGs version 1.4). 23 Two chains with different initial values were constructed to assess convergence. To ensure the representative samples were drawn for posterior inference, the first 10,000 iterations were discarded as burn-in, and the next 10,000 iterations were used as samples. Convergence was checked by visual inspection of the iterative series using the Gelman-Rubin diagnostic plot. 23 
RESULTS
Of the 5,783 grade 5-8 students who completed the survey, 5,340 (92.3%) from 109 elementary schools responded to the question regarding suicide ideation; 340 (6.4%) of these students indicated they had considered suicide at least once in the previous 12 months. In the null model including only the random intercepts for grade and school, the variation identified among grades within schools was 0.03 ± 0.18 and among schools was 0.24 ± 0.49. The VPC for grade was 0.8% and for school was 6.7%. In the univariate analysis, there was no significant difference in reported suicidal ideation between males and females or among students of different ages, or from rural and urban schools (Table 1) . Almost 13% of the Aboriginal students reported suicidal ideation, compared to 5.5% of non-Aboriginal students. Children who reported higher depression, higher anxiety, lower self-esteem, poorer relationships with friends or parents, as well as those who were more frequently bullied and were from more deprived areas were also more likely to have suicidal thoughts in unconditional models.
In the final multivariable multilevel model, the variation among grades within school and among schools was almost completely accounted for by the individual-level covariates. There was almost no remaining variation among grades within schools (2.7e-10 ± 1.6e-5), and the variation among schools was also substantially reduced (0.017 ± 0.13). The VPC for grade was 0.0% and for school was 4.9%. Aboriginal status, depression, anxiety, self-esteem, parental relationship, verbal bullying and electronic bullying were associated with suicidal ideation in the final multivariable model (Table 2 ). There was no difference among the urban students residing in different deprivation quintiles or compared with the rural students (p = 0.73). We also tested the interactions for the variables remaining in the main effects models and whether gender modifies the effects of those covariates; none were significant and are not presented. Future studies with larger samples are warranted, so that we have enough statistical power to sort out the interaction among the variables.
After accounting for other risk factors in the final model (Table 2) , Aboriginal students were more likely to report suicidal ideation than non-Aboriginal students (AOR = 1.74). Students who suffered from a high level of depressed symptoms were more likely to report suicidal ideation than those with low depressed symptoms (AOR = 4.79). Likewise, the odds of suicidal ideation increased as the anxiety level increased from low to moderate (AOR = 2.43) and low to high (AOR = 3.36). Students who considered themselves to have an excellent relationship with their parents had a lower prevalence of suicidal ideation (AOR = 0.33). The odds of suicidal ideation were also lower for those reporting a moderate relationship with their parents, as compared to those with poor relationships with their parents (AOR = 0.46). Students who were frequently verbally or electronically bullied had higher odds of having suicidal thoughts, as compared to those who were less frequently verbally or electronically bullied. For example, students who reported being verbally or electronically bullied weekly had a significantly higher prevalence of suicidal ideation than those who had never been verbally or electronically bullied (verbal bullying: AOR = 1.82; electronic bullying: AOR = 2.14).
Of the 5,340 school children who responded to the question of suicidal ideation, 3,506 (65.7%) urban school students provided their residential postal codes. Children who attended rural schools were not asked for their residential postal codes. The relative risks of suicidal ideation at the residential neighbourhood level, based on the Bayesian spatial model, were illustrated in Figures 1 and 2 . The posterior exceedance probabilities show that high-risk neighbourhoods were primarily located on the west side of Saskatoon (Figure 1 ). The estimated posterior means of the relative risks shown in Figure 2 indicate that children from the neighbourhoods on the west side of Saskatoon are at higher risk of suicide ideation than those on the east. We also compared our model with the models including only either b s or h s term and the results indicated that the difference in the deviance information criterion 24 is negligible, so different covariance structure would not impact much on the model fit and the resulting estimates on the exceedance probability.
DISCUSSION
Results from our study support much of the existing work on suicide ideation, 6-10 but also extend the research in some important areas, which are detailed below. Our study affirmed the relationship between suicidal ideation and various psychosocial factors, such as depression, anxiety, self-esteem and parent-child relationships, after accounting for experiences with bullying. Our study also found that the association between being a victim of verbal or electronic bullying and suicidal ideation is significant. We have also identified that Aboriginal students were more likely to have suicidal thoughts, which demonstrates a need for culturally appropriate interventions to improve the mental health status of Aboriginal elementary school children. The literature on gender effect on suicidal ideation in adolescence is complex and partly paradoxical. 25 While some studies showed either a higher rate either among boys 7 or among girls, 15, 26 our study found gender difference is insignificant, which was also found in other studies. 8, 27, 28 Rhodes et al. 25 presented a comprehensive discussion on the reasons and timing of the gender effects in the prevalence and lethality of suicidal behaviours. The inconsistent findings might be partially explained by the shift in the interactive social network during adolescent development. Early adolescents may be influenced more by adults (parents, teachers), later adolescents more by their peers. 29 This may also help partially explain our null findings on friend relationship in the final model, but significant association between parental relationship and suicidal ideation, given our study sample focussing on early adolescents. After adjusting for the individual-level risk factors, very little variation in suicidal ideation was attributable to grouping of students within grades or schools. To examine whether context variables at the grade within school and school level can explain the variation, we created variables summarizing the proportions of males, Aboriginal students, students reporting psychosocial problems, and students reporting different types of bullying experiences, for each grade within a school and for each school in the study sample, but none of those variables were significantly associated with suicidal ideation in the multivariable analysis, so the results are not presented.
Finally, this study investigated the geographic patterns of suicidal ideation among elementary school children. Although the neighbourhood-level analysis does not consider confounding by individual attributes, it is useful for initial targeting of programs to high-risk areas of the city that were not clearly identified by individual student attributes alone. Further research will need to consider the potential for geographic differences in the needs of rural students. 
Limitations
While this study had a relatively large sample size for school-based research, the study also has some limitations, including the crosssectional nature of the survey. This limits potential inferences about causal relationships between suicidal ideation and some of the risk factors examined. Additionally, clustering within families is also worth serious consideration and such information should be collected in the student's mental health survey, as siblings from the same family typically have extensive and close contact with each other. As well, the response rate was low (46.7%), as the questionnaire was self-completed by the school children. The set of non-respondents may differ from the respondents. For example, students with mental health problems may be more likely to respond due to their interests in this topic. Alternatively, such students may be less motivated to participate because of psychological problems. To address the possibility of such biases, non-respondent adjustments 30 should be conducted in the future based on a survey using different recruitment strategy invoking greater incentives among randomly selected non-respondents. Also, in cases where children have missed reporting either intentionally or inadvertently on any of the questions asked, we have used the commonly used technique of listwise deletion, which deletes the cases containing missing data in the variables that are relevant to the analysis being carried out. This is done to avoid potential bias in our analysis. These limitations need to be taken into consideration when generalizing our results.
CONCLUSIONS
Our study is unique in expanding the research area on suicidal ideation in adolescence to the early adolescence period. The findings provide evidence that early adolescent peer aggression must be taken seriously. An integrated preventive intervention strategy, including parenting education programs, mental health services for youth with depression, anxiety and low self-esteem as well as bullying prevention programs, should increase the effectiveness of suicidal ideation prevention efforts. Geographical targeting could also be employed, which may be important for optimizing prevention strategies and enhancing treatment for suicidal ideation. 
